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INTERNAL STRUCTURE OF THE EARTH 
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¢ LITOSPHERE (+100 KM ); CRUST AND UPPER MANTEL 


¢ ASTHENOSPHERE ( from lower part of lithosphere until 700 Km) 
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Earth Plate Boundary Map 
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Figure 7.9 The three types of plate boundaries. A. Divergent 
boundary. B. Convergent boundary. C. Transform fault boundary. 
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Figure 17.25 
The relative movement of plates at a ridge-ridge transform fault changes along the trend of the 


fracture zone. The plates are moving away from the ridge, but the relative motion between the plates 
along the transform fault depends on the position of the spreading center. Along an active fault, between 
two segments of the ridge, plates on opposite sides of the fault move in opposite directions. Beyond the 


spreading centers, however, the plates move in the same direction on both sides of the fault, with no © 
; ; F 17.23 
relative mouon along the fault p lane. ta faults can connect convergent and divergent 


plate boundaries in various combinations. Diagram: A 
shows the common ridge-ridge transform fault. Note that 
relative motion occurs only along the boundary of the 
plates between the two segments of the ridge. Diagram B 
shows a ridge-trench transform fault, and diagram C 
shows a trench-trench transform fault, In all cases, the 
trend of a transform fault is parallel to the direction of 
relative motion between plates, This characteristic is 
helpful in determining the direction of plate motion 
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e Driving Forces 
- Slab Pull 


- Push Ridge 
- Basal Drag 


Ridge Push is the force applied to plates at spreading centers. As 
plates separate, new, hotter material is extruded into the gap 
between plates. The elevated temperatures lower the density of 
the recently deposited material, causing it to float higher in the 
mantle; hence the formation of ridges. Gravity then takes over, 
drawing the ridge material down and away from the spreading 
center, thereby widening the gap for more hot mantle material to 


upwell. 


Slab Pull is considered by many to be the dominant, or even the 
only, driving mechanism for plate tectonics. Subduction zones 
typically occur a long distance away from spreading centers, where 
the plates have had plenty of time to cool off. Lower temperature 
makes the plate more dense than the material beneath it, causing it 
to subduct into the mantle. As the plate edge is drawn under, it 
pulls the remainder of the plate behind it. 
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Figure 17.30 
Forces active on the plates are indicated with arrows on the front of this block diagram. They include 
slab pull, ridge push, basal drag, and friction along transform faults and in the subduction zone. 
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e Basal Shear Traction (Basal Drag) is the 
resistance or dragging force associated with the 
interface between the upper mantle and the 
lithosphere. Today this force is thought to be 
small, but until we know more about the coupling 


between the lithosphere and the mantle is better 
constrained, we cannot be certain how important 
it is. Itis thought to have a small magnitude per 
unit area, but when spread over the entire under- 
surface of big plates can result in a large 
cumulative resistance. 
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(B) Convection involves the entire mantle. 
(A) Convection is confined to the upper asthenosphere. 
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(C) Thermal plumes rise from the core-mantle boundary. 


Figure 17.31 - 

Three suggested models of convection in the man- 
tle show how flow in the asthenosphere might move tec- 
tonic plates. 
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FIGURE 2.26 General circulation within Earth’s interior. Rapid convection in the outer core drives Earth’s geomagnetic field. Plates 
slide above the asthenosphere, and the mantle flows slowly into gaps located at mid-ocean ridges. Plumes feed hot spots at a rate that is 
faster than the overall mantle motion. 
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A mantle plume is a rising column of hot, plastic mantle 
rock that originates deep within the mantle. It rises 
because rock in a certain part of the mantle becomes 
hotter and more buoyant than surrounding regions of the 
mantle. 


The Earth’s core may provide the heat source to create a 
mantle plume, or the heat may come from radioactive 
decay within the mantle. Large quantities of magma form 
in mantle plumes, and rise to erupt from volcanoes at 
locations called hot spots at the Earth’s surface. 


The island of Hawaii is an example of a volcanic center at 
such a hot spot. Because mantle plumes form deep within 
the mantle, hot spot volcanoes commonly erupt within 


tectonic plates, and well away from plate boundaries. 


The velocity of plate movement 


e Relative movement 
- Paleomagnetism 


- Volcanism (Seamount, Iceland) 
- Geodetic Measurement 
- Study of Earthquake Focus Mechanism 
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